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ELECTROLYTIC STORAGE CELL MONITORING SYSTEM 

Tgchpical Field 

This invention relates to a monitoring system, and more 
5 particularly, to a system for monitoring a plurality of electrolytic storage cells. 
Background Art 

Most major installations in the United States that use electrical 
power have backup systems in case the normal electrical supply becomes 
disabled. Typical examples include large office buildings, hospitals, public utility 

10 systems, and municipal facilities. Frequently, the source of the backup electrical 
power is a bank of interconnected electrolytic storage cells, such as the common 
lead-acid storage cell, which retain electrical charge for conversion to electrical 
current Since it is often unpredictable when such systems will be called upon to 
supply their emergency function, it is critical that they be maintained at or near 

15 their greatest possible efficiency. Accordingly, the users of such systems have 
frequently put in place preventive maintenance and/or repair procedures. 

Among the popular present methods for maintaining and/or 
repairing a large array of storage cells are: 1) to wait until some cell in the array 
fails; 2) to periodically replace the cells in the array, thereby reducing the chance 

20 that any one of the cells will fail when the array is called upon for its emergency 
purpose; or 3) to periodically test each cell in the array. A problem with the first 
method is that great expense can be incurred should the array fail when it is 
needed. A problem with second method is that it may be unnecessarily 
expensive and wasteful to periodically replace cells that may not be defective. A 

25 problem with the third method is that each individual cell must be separately 
checked with intrusive tests of the cell's electrolyte, which is typically a 
combination of various fluids such as water (H20) and sulphuric acid (H2S04). 

Accordingly, it would be useful to have a method for monitoring 
and maintaining such arrays when and only when such sendees are required. 

30 Disclosure of the Invention 

It is an object of the present invention to provide an apparatus for 
nonintrusively monitoring electrolytic parameters of one or more electrolytic 
storage cells. 

It is another object of the present invention to provide an 
35 apparatus for nonintrusively detecting the level of an electrolyte in a storage cell. 
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It is yet another object of the present invention to provide an 
apparatus for nonintrusively detecting the specific gravity of an electrolyte in a 
storage cell. 

It is still another object of the present invention to provide an 
5 apparatus for nonintrusively detecting the state-of-charge of a storage cell. 

Yet another object of the present invention is to provide an 
apparatus including one or more sensors that comprise a circuit for 
nonintrusively measuring the voltage, internal resistance, and the temperature of 
a storage cell. 

10 Still another object of the present invention is to provide a system 

of storage cells, including a monitoring module attached to each storage cell and 
means for addressing each monitoring module to collect signals representing the 
electrolytic condition of each storage cell. 

Still another object of the present invention is to provide a system 
15 including means for bringing the storage cells to a desired state of charge. 

An even further object of the present invention is to provide an 
apparatus including means for nonintrusively measuring the evolution of by- 
products resulting from charging the storage cell. 

An even further object of the present invention is to provide an 
20 apparatus for measuring the level of sediment at the bottom of the enclosure of 
a storage cell. 

Still another object of the present invention is to provide an 
apparatus for adjusting a level of the electrolyte in each storage cell in an array 
of storage cells. 

25 An additional object of the present invention is to provide an 

apparatus for causing an array of storage cells to be bought to a desired state-of- 
charge by means of balancing the state-of-charge of each storage cell in the array 
of storage cells. 

According to one aspect, the invention provides a system for 
30 monitoring electrolytic parameters of one or more electrolytic storage cells. The 
system comprises a monitoring module associated with each storage cell, means 
for addressing each monitoring module to collect signals representing the 
electrolytic parameters of the associated storage cell, means for addressing each 
monitoring module to collect the signals representingthe eTectrolytic condition 
35 of each storage cell, and means for processing the signals to monitor the 
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condition of each storage cell. The monitoring module comprises one or more 
sensors attached to the enclosure of the associated storage cell and means for 
producing signals representing the electrolytic parameters of the associated 
storage cell. 

In another aspect, the present invention provides a system for 
monitoring electrolytic parameters of one or more electrolytic storage cells. The 
system comprises a monitoring module attached to each storage cell, means for 
addressing each monitoring module to collect signals representing the 
electrolytic condition of each storage cell and to transmit the command signals 
to the addressed monitoring module, and means for processing the signals to 
monitor the condition of each storage cell and for generating the command 
signals in response to the condition of each storage cell. Each monitoring 
module comprises controllable means for generating a signal containing a 
predetermined frequency, controllable means for measuring the complex 
15 impedance of the associated storage cell at the predetermined frequency, 
controllable means for producing signals representing the electrolytic 
parameters of the associated storage cell, communication means for transmitting 
and receiving signals, and a microprocessor operating under the control of a 
program to send the signals representing the electrolytic parameters of the 
20 associated storage cell to the communication means and to receive command 
signals from the communication means. 
Brief Description nf fa Fj nm 

Figure 1 is an isometric view of an electrolytic storage cell, 
showing a first embodiment of an apparatus for monitoring the electrolyte level 
25 of the storage cell. 

Figure 2 is a schematic diagram of the electrolyte level monitor of 

Figure 1. 

Figure 3 is a schematic diagram of a circuit for measuring the 
electrolyte level in the electrolytic storage cell, in accordance with the 
30 embodiment of Figure 1. 

Figure 4 is an isometric view of an electrolytic storage cell, 
showing a second embodiment of an apparatus for monitoring the electrolyte 
level of the storage cell. 

Figure 5 is a schematic diagram of an equivalent model of the 
35 electrolyte level monitor of Figure 4. 
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Figure 6 is a schematic diagram of a circuit for measuring the 
electrolyte level in the electrolytic storage cell, in accordance with the 
embodiment of Figure 4. 

Figure 7 is a graph of the specific gravity and sensor impedance 
5 detected in an evaluation of the second embodiment of the apparatus, as shown 
in Figure 4. 

Figure 8 is a graph depicting the correlation between the sensor 
impedance and the specific gravity of an electrolytic cell as measured by the 
second embodiment of the apparatus, as shown in Figure 4. 
10 Figure 9 is a cut-away isometric view, showing an apparatus for 

monitoring the state-of-charge of an electrolytic storage cell. 

Figure 10 is a schematic diagram of an embodiment of the 
apparatus of Figure 9, exemplifying electrode flux exclusion. 

Figure 11A is a graph of the specific gravity and percentage 
15 frequency shift of the electrolytic storage cell shown in Figure 9 as the storage 
cell is subjected to significant levels of current drain, up to ten percent beyond 
the storage cell's rated discharge capacity. 

Figure 1 IB is a schematic diagram of an equilvalent model of the 
apparatus of Figure 9. 
20 Figure 12 is a schematic diagram of a cell voltage/cell 

resistance/cell temperature/bus-cell connection resistance monitoring circuit for 
use with an electrolytic storage cell. 

Figure 13 is a schematic diagram of a circuit useful to test the 
internal resistance of an electrolytic storage cell. 
25 Figure 14 A is a graph of the pulse charge response of a fully 

charged electrolytic storage cell. 

Figure 14B is a graph of the pulse charge response of an 
electrolytic storage cell which has been discharged ten percent beyond its rated 
discharge capacity. 

30 Figure 15 is an isometric view of an electrolytic storage cell with a 

multi parameter monitoring package, for use in a cell monitoring system. 

Figure 16 is a block diagram of one embodiment of the circuitry of 
the multi parameter monitoring package of Figure 15. 
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Figure 17 is a fragmentary isometric view illustrating part of an 
electrolytic storage cell array equipped with multiparameter monitoring 
packages of Figure 15. 

Figure 18 is a schematic diagram of the comprehensive cell 
5 monitoring system of the present invention. 
Petailed Pesgriptign of Preferred Embodiments 

Referring to Figure 1, an electrolytic storage cell 20 is contained 
with an enclosure 22 having a positive terminal 24 and a negative terminal 26. 
The enclosure 22, which contains the electrolyte for the cell 22, can be either a 

10 separate enclosure for each cell or an enclosure containing two or more storage 
cells 22. The terminals 24 and 26 typically extend upwardly through an upper 
surface 28 of the enclosure 22. A cap 30, which can be used to access the 
interior of the enclosure 22 to measure the specific gravity of the electrolytic cell, 
employing a conventional hydrometer or to adjust the electrolyte contained 

15 within the electrolytic storage cell 20, is also located on the upper surface 28. 
The cap 30 can be removed and replaced, according to whether the cell is to be 
tested or stored. The electrolytic storage cell 20 is configured to have its 
electrolyte monitored by a conventional printed circuit (PC) electrode array 38, 
which is attached to the vertical surface 36. 

20 Figure 2 isk a schematic diagram of the capacitive electrolyte level 

monitor of Figure 1. The PC electrode array 38 includes a plurality of 
sequentially interrogated electrodes 391, ... 39N, each having a capacitance 
which depends on the electrode's size and composition. If each electrode 39 is a 
copper strip approximately one inch long and 0.1 inch wide, its capacitance will 

25 be approximately 39 picofarads. The electodes 39 are attached to the exterior 
vertical surface 36 of the storage cell 20. The electrodes 391, 39N serve the 
purpose of sinking electrical currents which differ depending on whether one leg 
of a sequencing interrogation circuit 40 is connected to an electrode 39 which is 
above an electrolyte level 42 of the electrolytic storage cell 20, as opposed to 

30 below it. 

Equivalently, the interrogation circuit 40 is in the form of a 
number of series capacitors 441, 44N, formed by the capacitance between 
each electrode 39 and the electrolyte separated by the cell case, and connected 
by means of a series of parallel capacitors 461, 46N, formed by the stray 
35 capacitance between adjacent electrodes 39. The effective series capacitors 44 
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and the effective parallel capacitors 46 which are located below the electrolyte 
level 42 absorb more signal than do their counterparts above the electrolyte 
level because of the electrical "shorting'' effect of the electrolyte. This can be 
detected as a change in the capacitance in the consecutive capacitors 39 on the 
5 electrode array 39. Accordingly, the electrolyte level 42 can be located with a 
precision that is equal to the separation between consecutive electgrodes 39. If 
desired, electrode spacing can be varied in the ele3ctrode array 38 ain order to 
achieve high precision location of the electooolyte level 42 when it is at certain 
levels and coarser precision at other electrolyte levels 42. 

10 Figure 3 is a schematic diagram of a first interrogation circuit 40 

for testing the capactitance of the consecutive electodes 39 in the electrode array 
38. The circuit 40 includes a vector impedance bridge 80 which is connected to a 
parallel inductor 86 and, in turn, to a pair of 1" x 0.1" copper strips 88. The 
copper strips 88 are arranged so that in one case both of the copper strips are 

15 above the electrolytic fluid and in another case both strips are below the 
electrolytic fluid. It has been discovered that, for an appropriate choice of the 
inductor 86, the resonant impedance of the circuit composed of the inductor 86, 
a pair of consecutive electrodes 39 (in the form of copper strips 88), the cell 
case, and the electrolyte contained within the cell case varies considerably 
20 depending upon whether the electrodes 39 are both covered by the electrolyte or 
both exposed. If the electrolyte is above botrh electrodes, the resonantl 
impedance of the circuit is 59 kilohms (at a resonant frequency of 25.8 MHz), 
while if the electrolyte is below both electrodes, it falls to 25 kilohms (at a 
resonant frequency of 26.5 MHz). It has also been discovered that exposing the 
25 electrodes by tipping the cell requires approximately 15 minutes of evaporation 
time for the resonant impedance to stabilize to 25 kilohms. Resonant 
frequencies, and the impedance at these frequencies, can be measured by means 
of conventional circuitry, as exemplified by the Hewlett-Packard impedance 
bridge 80. 

30 Figure 4 is an isometric view of the electrolytic storage cell 20 

configured to have its electrolyte monitored by two sense coils 32 and 34. Both 
the level and the specific gravity of the electrolyte can be monmitored by the 
appaatus shown in Figure 4. A fluid level sense coil 32 (which will be explained 
in greater detail subsequently) is attached to a vertical surface 36 of the 

35 enclosure 22 at a level which is appropriate for the range of electrolyte levels 
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that can be expected in normal operation of the electrolyte storage cell 20. In 
addition, a specific gravity sense coil 34 is placed on the vertical surface 36 at a 
level to which it is not expected that the electrolyte level will fall. 

Figure 5 of the drawings shows a model of a circuit including both 
5 of the sense coils 32 and 34 shown in Figure 4. The model consists of a 
collection of capacitors, resistors, and inductors. The model can be shown, by 
conventional transient circuit analysis of the actual and virtual (image) currents 
produced when the sense coils 32 and 34 are caused to resonate, to have a 
characteristic response in the form of a damped sinusoid. The sense coils 32 and 
10 34 generate oppositely directed image currents corresponding to their respective 
locations. Both the damping rate and the characteristic (resonant) frequency of 
the circuit are characteristic of aspects of the model, including the resistancdes 
of the copper (RCu) and the electolyte (RH2S04) as well as the inductances of 
the two sensor coils 32 and 34. These can be related to the electrolyt level and 
15 the specific gravity of the electrolyte. 

Figure 6 illustrates circuitry capable of testing the circuit 
composed of the two inductive sensor coils 32 and 34. A vector impedance 
bridge 80 produces a signal which is received by a capacitor 82 and a ten turn 
coil 84 (which can be rectangular, one inch high and two inches wide and can 
20 represent either of the sensor coils 32 or 34). The ten turns in the coil 84 are 
grouped into to five turn coils, one positioned above the other. If the fluid in the 
electrolytic storage cell 20 is above both of the coils located along the 
electrolytic cell, the circuit hasw a resonant impedance of 7.5 kilohms at 63 
MHz. If, however, the fluid is below both of the coils, the resonant impedance 
25 rises to 22 kilohms at a frequency of 6.1 MHz. It was noticed that the resonant 
impedance measurement stabilizes after no noticeable delay if the cell is tipped 
to place the fluid level berlow the two coils. 

Figure 7 is a graph showing the response of a sense coil 34 (see 
Figure 4) as the specific gravity of the electrolyte, as measured by a hydrometer, 
30 decreases. The circuit shown in Figure 5 is driven by a sinusoidal voltage at a 
frequency of approximately 6 MHz. The specilfic gravity decreases while the 
sensor impedance increases progressively with elapsed discharge time over a 
period of eleven hours at a discfharge current of 11.7 amperes. 

Figure 8 is a composite figure cross-plotting the values of specific 
35 gravity and sensor impedance, according to the parameters of the pair of sensors 
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coils 32 and 34, The sensor impedance and specific gravity are approximatley 
inversly related. As the specific gravity of the electrolytic cell decreases, the 
resonant impedance of the sensor coil increases. 

Figure 9 illustrates a state-of-charge monitoring circuit for use 
5 with the electrolyte storage cell 20. The state-of-charge is measured as the 
integral over the voluyme of the cell 20, of the square of the B-field withing the 
cell 20. The cell 20 includes a multi-turn sense coil 50 which is used to monitor 
the state-of-charge. The coil 50 surrounds the enclosrue of the cell 20 in a 
horizontal plane, and is closely adjacent to the vertical surfaces 36 of the cell 20. 

10 The enclosure 22 of the electrolytic storage cell 20 contains a 

plurality of parallel plates 52, which, in a lead-acid storage cell, are composed of 
lead. Driving the coil 50 by a sinusoidal voltage in the range of approximately 
100 kHz creates magnetic fields within the enclosure. The inductance of the coil 
50, and hence its resonant frequency, is affected by the state of charge of the cell 

15 20. The magnetic fields imposed by the coil 50 induce currents within the 
parallel plates 52. The currents reside in the electrolyte and close to the surface 
of the outer-most plates, at a depth that is related to the frequency of excitation 
of the coil 50. If the skin depth in the plate is less than half the plate's thickness 
and the skin depth in the electrolyte that is greater than the width of the storage 

20 cell 20, the state-of-charge of the electrolytic storage cell 20 is roughly 
proportional to the negative change in the inductance of the sense coil 50. The 
reason is that the inductance change is proportional to the negative of the flux- 
excluded volume change, which is roughly proportional to the change in the 
electrode volume. Since the electrically conducting lead plates are partially 

25 converted to electrically insulating lead sulfide during cell discharge, the cell's 
inventory of lead, hence its flux-excluded volume, is a measure of the cell's state 
of change. 

Figure 10 schematically depicts the cross section of an electrolytic 
cell 20 and the sense coil 50, showing the applied and circulating currents and 
30 the orthogonal distribution of magnetic flux 54, the latter excluded from the lead 
plates by the skin depth of the circulating currents. 

Figure 11A is a graph of the specific gravity and the frequency 
shift in a resonant frequency circuit (shown in Figure 11B) representing the 
coil/cell configuration shown in Figures 9 and 10, as functions of the amount of 
35 charge removed from the electrolytic storage cell 20. The coil 50 is operating at 
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a frequency of 116 kHz and the cell 20 is being discharged at a rate of 40 
amperes. It is clear that the frequency shift and specific gravity of a given 
electrolytic storage cell 20 run closely parallel to one another. Accordingly, it is 
possible to monitor specific gravity in the cell by measuring the change in the 
5 resonant frequency of the cell/coil combvination relative to the resonant 
frequency before the cell was discharged. 

Figure 11B is the electrical circuit which models the coil/cell 
combination shown in Figures 9 and 10. This model can be obtained through 
conventional transient circuit analysis. 
10 Figure 12 is a schematic diagram of a circuit 70 for monitoring the 

cell voltage, cell resistance, cell temperature, and bus-cell connection resistance 
of the electrolytic storage cell 20. The circuit 70 operates on the principle of a 
pulse discharge of the storage cell 20 through its terminals 24 and 26, which are 
attached to the circuit 70. The voltage of the cell 20 powers the 

15 voltage/resistance/temperature monitoring circuit 70 of Figure 12. The signal 
received from the cell voltage/resistance/temperature monitoring circuit 70 is 
converted in a converter 72 and passed on to an electronic circuit 74. The 
output of the electronic circuit 74 activates one of five voltage-to-frequency 
converters 76. These converters 76 prodsuce signals whose frequencies 

20 respectively measure the cell voltage (between points A and A'), the bus-to-cell 
connection resistancde (through voltages at B and B'), the cell resistance 
(through voltages at B and B' and at C and C), and the cell temperature 
(through a volrtage from the temperature sensor T). The voltage-to-frequency 
converters 76 report sequentially under the control of circuit 74. whose function 

25 is to provide sequential reports of the signals A-A\ B-B\ C-C, H, and T so that a 
conventional external processor (not shown) may determine voltage, bus-cell 
connection resistance, cell resistance, cell current, and cell temperature. The 
voltages at points B and B' reflect the cell resistance, while the voltages at points 
C and C do not, so by subtracting the C voltages from the B voltages, a measure 

30 of the cell reistance can be developed. 

Figure 13 shows a circuit 90 for performing a cell internal 
resistance test. The test is performed by toggling a switch such as a field-effect 
transistor 94 with a pulse generator 92 so as to briefly discharge storage 
capacitor 96 through the cell20, which is supplying a current through a load 

35 resistor 97. The storage capacitor 96 is precharged by power supply 98 before 
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the pulse test is imposed on the cell 20. Voltages measured at points e, i, and g 
can be used to infer the internal resistance of the cell 20 by monitoring the 
voltage across the cell 20 bvetween points e and g, and monitoring the current 
through the cell 20 by measuring the voltage imposed across the calibrated 
5 resistor 99. 

Figure 14A shows the response of a fully charged electrolytic 
storage cell 20 to the pulse charge test whose circuitry is shown in Figure 13. In 
this case, the internal resistance is determined to be 1.10 milliohms. The upper 
trace in Figure 14A represents the voltage between points e and g in Figure 13, 

10 while the lower trace represents the voltage between points i and g. 

Figure 14B shows the results of a similar pulse charge test 
performed on an electrolytic storage cell 20 which has undergone a change in the 
quantity of charge available by 140 amp hours (10% beyond rated discharge 
capacity). In this case, the internal resistance has increased to 1.45 milliohms. 

15 The upper trace in Figure 14B represents the voltage between points e and g in 
Figure 13, while the lower trace represents the voltage between points i and g. 
Comparison of the upper traces in Figures 14A and 14B shows that the voltage 
between the points e and g has increased after the cell 20 has been discharged, 
while the lower trace has not changed. This indicates that the internal resistance 

20 of the cell 20 has increased. The amount of that increase can be obtained 
through a conventional analysis of the four voltages described above. 

Figure 15 illustrates the electrolytic storage cell 20 with the multi- 
turn sense coil 50 which is electrically connected to a conventional monitoring 
module 60. The monitor module 60 contains sensors, signal conditioners, a DC- 

25 DC converter, a decoder, and telemetry. The monitoring module 60 can further 
measure the output voltage, resistance, temperature, electrolyte level, and state- 
of-charge of a battery storing electrical energy as described above. 

Figure 16 illustrates a schematic diagram of one embodiment of 
the monitoring module 60. The monitoring module 60 includes a programmed 

30 single chip microcomputer 100, an input power supply 102 connected to the 
single chip microcomputer 100, and appropriate sensors 104. In addition, the 
single chip microcomputer 100 is connected to a conventional telemetry 
transmitter 106 which can, for example, communicate with the serial telemetry 
adaptor 95 shown in Figure 18. In addition, the single chip microcomputer 100 is 

35 connected to the telemetry receiver 108. As is clear from Figure 18, the 
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telemetry transmitter 106 and receiver 108 can be used to establish two-way 
communications between each individual sensor module 60 and the computer 
96. 

Figure 17 illustrates one embodiment of the present invention, 
5 whereby a plurality of individual electrolytic storage cells 20, connected together, 
in a series array by their terminals 24 and 26 to produce a relatively high voltage 
DC current source, are individually equipped with cell monitors 60. 

Figure 18 illustrates a cell monitoring system according to the 
present invention. Each of a plurality of the individual electrolytic storage cells 

10 20 has the monitoring module 60 attached. Each monitoring module 60 is 
capable of conventional two-way communications with a personal computer 97 
by way of serial-to-telemetry adaptor 94. This personal computer 97, equivalent 
to an IBM XT or AT, serves as a central controller and processor for the entire 
array of electrolytic storage cells 20. If desired, all monitoring modules 60 can 

15 remain in an "off' or "standby" condition until each is queried one at a time in 
sequence by personal computer 97 which will, for each cell, issue an encoded 
command recognized only by the targeted cell monitor 60. When commanded, 
the targeted cell monitor 60 will respond by turning on, measuring all 
parameters, and sending data to personal computer 97. If desired, the computer 

20 97 can issue commands to the serial-to-telemetry adaptor 94, which, in turn, 
sends appropriate signals to the identified electrolytic storage cell 20. 

In addition to performing such tasks directed toward monitoring 
the electrical parameters of the electrolytic storage cells 20, the cell monitoring 
function also determines the onset of the evolution of bubbles of gaseous 

25 hydrogen in the electrolyte acoustically (through, conventional miniaturized 
microphones, for example). The function can also maintain automatic cell 
charge balance among the operating cells 20. This is accomplished by reducing 
the voltage on those cells 20 whose output voltage is high while increasing the 
voltage on those cells whose output voltage is low. Such adjustments in cell 

30 voltages can be accomplished by adjusting the state-of-charge of each of the cells 
20. 

An additional cell monitoring function provided by the monitoring 
module 60 is fluid level maintenance to automatically add water or other 
electrolytes (through conventional means, which have been automated) to the 
35 affected electrolytic storage cell 20. Such fluids may be lost from the cell 20 by 
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evaporation or by being expended during the operation of the cell. A final cell 
monitoring function is to monitor sediment level in the enclosure 22 of the 
electrolytic storage cell 20 using SONAR or other conventional principles to 
measure the thickness of the sediment layer. 
5 While it is clear that those skilled in the art can make various 

modifications of the embodiments disclosed above, the invention is to be limited 
only by the following claims. 
WD80-6V1 
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Claims 

1. A system for monitoring electrolytic parameters of one or more 
electrolytic storage cells, comprising : 

a monitoring module associated with each storage cell, each 
monitoring module having: 

a. one or more sensors attached to the enclosure of the 
associated storage cell, 

b. means for measuring the complex impedance of each of the 
attached sensors, the complex impedance being a function of 
the electrolytic parameters of the associated storage cell, and 

c. means for producing signals representative of the 
electrolytic parameters of the associated storage cell; 

means for addressing each monitoring module to collect the signals 
representative of the electrolytic condition of each storage cell; and 

means for processing the collected signals to monitor the condition of 
each storage cell. 

2. The system of claim 1 wherein the one or more sensors include a 
sensor for detecting the level of an electrolyte in the associated storage cell. 

3. The system of claim 2 wherein the sensor for detecting the level of 
an electrolyte in the associated storage cell includes a plurality of capacitive sensors. 

4. The system of claim 2 wherein the sensor for detecting the level of 
an electrolyte in the associated storage cell includes an inductive coil. 

5. The system of claim 1 wherein the one or more sensors includes a 
sensor for detecting the specific gravity of an electrolyte in the associated storage 
cell. 

6. The system of claim 1 wherein the one or more sensors includes a 
sensor for detecting the state-of-charge of the associated storage cell. 

7. The system of claim 1 wherein the one or more sensors includes a 
circuit for measuring the voltage, the internal resistance, the temperature, the 
resistance of the external connections, and the current passing through the 
associated storage cell. 

8. A system for monitoring electrolytic parameters of one or more 
electrolytic storage cells, comprising: 
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a monitoring module attached to each storage cell, each monitoring 
module having: 

a. means for generating a signal containing a predetermined 
frequency, 

b. coupling means for coupling the signal into each storage cell, 

c. a sensor attached to the associated storage cell, 

d. means for measuring the complex impedance of the sensor 
at the predetermined frequency, the complex impedance being 
a function of the electrolytic parameters of the associated 
storage cell, and 

e. means for producing signals representative of the 
electrolytic parameters of the associated storage cell; 

means for addressing each monitoring module to collect the signals 
representative of the electrolytic condition of each storage cell; and 

means for processing the collected signals to monitor the condition of 
each storage cell. 

9. The system of claim 8 wherein the means for measuring the 
complex impedance of the sensor is an inductive means attached to the enclosure of 
the associated storage cell. 

10. The system of claim 7 wherein the monitoring module further 
includes means for sensing the specific gravity of the associated storage cell. 

11. The system of claim 7 wherein the monitoring module further 
comprises means for sensing the state-of-charge of the associated storage cell. 

12. The system of claim 11 wherein the state-of-charge sensing means 
includes a multi-turn planar coil lying substantially in a horizontal plane that 
intersects the electrolyte of the associated storage cell below its surface. 

13. The system of claim 11 wherein the state-of-charge sensing means 
comprises means for generating a charge pulse, means for applying the charge pulse 
to the associated storage cell, and means for generating a signal indicating the 
response of the associated storage cell to the charge pulse. 
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14. A system for monitoring electrolytic parameters of one or more 
electrolytic storage cells, comprising: 

a monitoring module attached to each storage cell, each monitoring 
module having: 

a. means for generating a signal containing a predetermined 
frequency, 

b. coupling means for coupling the signal into each storage cell, 

c. a sensor attached to the associated storage cell, 

d. means for measuring the complex impedance of the sensor 
at the predetermined frequency, the complex impedance being 
a function of the electrolytic parameters of the associated 
storage cell, 

e. means for producing signals representative of the 
electrolytic parameters of the associated storage cell; 

f. communication means for transmitting and receiving signals; 
and 

g. a microprocessor operating under the control of a program 
to send the signals representative of the electrolytic parameters 
of the associated storage cell to the communication means and 
to receive command signals from the communication means; 

means for addressing each monitoring module to collect the signals 
representative of the electrolytic condition of each storage cell and to transmit the 
command signals to the addressed monitoring module; and 

means for processing the collected signals to monitor the condition of 
each storage cell and generating the command signals in response to the condition 
of each storage cell. 

15. The system of claim 14 wherein the means for processing the 
signals is a programmed computer. 

16. A system for maintaining an array of one or more electrolytic 
storage cells at a desired state, comprising: 

a. means for adding or withdrawing charge to maintain state- 
of-charge uniformity between all cells, and 

b. means for replacing evaporated or expended fluids to 
mainmtain electrolyte uniformity betwen all cells. 
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17. The system of claim 14 wherein the means for monitoring the 
state of each storage cell includes means for measuring the evolution of by-products 
produced from charging the storage cell. 

18. The system of claim 15 wherein the storage cell is a lead-acid cell 
and one of the by-products measured by the means for measuring the evolution of 
by-products is gaseous hydrogen. 

19. The system of claim 16 wherein the means for measuring the 
evolution of by-products includes an acoustic sensor operable to detect bubble onset 
of gaseous hydrogen. 

20. The system of claim 16 wherein the means for monitoring the 
evolution of by-products includes a sensor responsive to the presence of gaseous 
hydrogen. 

21. The system of claim 14 wherein the means for monitoring the 
state of each storage cell includes means for measuring the level of sediment at the 
bottom of the enclosure of the storage cell. 

22. The system of claim 14 wherein the means for causing the array of 
storage cells to be brought to a desired state includes means for adjusting a level of 
the electrolyte in each storage cell in the array of storage cells. 

23. The system of claim 14 wherein the means for causing the array of 
storage cells to be brought to a desired state includes means for balancing the state- 
of-charge of each storage cell in the array of storage cells. 
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